Despite the existence of highly sensitive tests, inconclusive serological results are frequent in chronic chagasic infection. This study aimed to define a diagnostic conduct for 30 individuals with inconclusive serology (G3) for chagasic infection assisted at the Outpatient Unit for Infectious and Parasitic Diseases of the Botucatu School of Medicine. Twenty-one individuals with negative serology (G1) and 33 with positive serology (G2) were also studied. Serological methods ELISA, HAI, IFI and immunoblotting TESA-cruzi were used for G1, G2 and G3, and parasitological methods xenodiagnosis, hemoculture and PCR-LIT were used for G2 and G3 individuals. ELISA, HAI and IFI were performed in 5 different blood samples in G2 and G3. TESA-cruzi was carried out only once in G1, G2 and G3 and, since it is the most sensitive, it was utilized as standard. In G3, positivity for ELISA reached 86% in the fifth blood sample; the ELISA+HAI+IFI combination showed a maximum of 44.8% in the second sample; and TESA-cruzi, 76% in one single sample. Xenodiagnosis positivity was 9.4%; hemoculture showed 15.2%; and PCR-LIT exhibited 22% positivity in G2. Nevertheless, in G3, positivity percentage was 3.4% for xenodiagnosis, 6.7% for PCR-LIT, and no positive result was found for hemoculture. In G3, PCR-LIT resolved one case which was still inconclusive according to serology tests. In order to define inconclusive diagnoses, the results suggest the combined use of ELISA+HAI+IFI in 2 blood samples, decreasing the occurrence of false positive/negative results. If results remain inconclusive, the performance of TESA-cruzi and PCR-LIT, if necessary, is recommended.
Trypanosoma cruzi (T. cruzi) affects 5 million people in Brazil [1] . When such agent infects an individual, various immunologic reactions occur in order to eliminate the parasite. Firstly, the cellular immune response attempts to isolate the microorganism, to prevent its dissemination. Simultaneously, humoral response takes place by initially producing IgM class antibodies and IgG antibodies after 2 to 3 weeks. However, due to the inefficiency of such mechanisms, the parasites remain in the organism and trigger an inflammatory response, resulting in tissue damage during the chronic phase of the disease [2] .
Although activities for Chagas disease control have been systematized and expanded, the persistence of a large number of chronic patients must be taken into account. In this scenario, laboratory diagnosis, particularly in the indeterminate phase, is of utmost importance, since, once it is confirmed, specific treatment can be commenced [3] . In its chronic form, the infection is not accompanied by signs and symptoms or by alterations in complementary test results. In such phase, laboratory diagnosis is mainly performed by conventional serological tests: ELISA, HAI and IFI [4] . Nevertheless, even with the standardization of tests for such purpose, diagnosis of infection by T. cruzi is still complex since inconclusive results are rather frequent.
Pirard et al. [5] recommend the use of 2 serological tests for diagnosing chagasic infection in the selection of blood donors. Similarly, various authors, particularly in Latin America, continue to recommend at least 2 positive serological tests as a criterion for defining chronic chagasic infection [6] [7] [8] . The results obtained from conventional tests may be positive, negative or inconclusive, and Umezawa et al. [9] report that a diagnosis is regarded as inconclusive when only 1 of 3 serological tests used is positive, or when they do not express the positive or negative standards of the methods.
Laboratory diagnosis can also be achieved by parasitological methods, such as xenodiagnosis and hemoculture. These methods allow the multiplication of existing parasites in the blood samples; however, they exhibit low sensitivity due to the low parasitemia found in individuals with the chronic form of the disease [3, 10] . Recent molecular assays, such as PCR, have been proposed as a good alternative for T. cruzi detection [11, 12] . One of the most studied structures has been the kinetoplast, which represents a DNA-rich region (kNDA) and is present in all flagellates belonging to the order Kinetoplastida, including T. cruzi [13, 14] . Although much better than the parasitological tests, this method is also limited for individuals with very low or intermittent parasitemia [15] .
Another technique that has been presently studied for diagnosis of chronic-phase chagasic infection, particularly in cases of doubtful serology, is immunoblotting, a bidimensional type of electrophoresis with transference in nitrocellulose membranes which shows the existence of antibodies in patient sera [3] . Extracts of trypomastigote forms of T. cruzi are used in these reactions. The semi-purified antigen, denominated TESA (trypomastigote excreted-secreted antigen), has been used by various authors [16] [17] [18] . An immunoenzymatic test denominated TESA-blot evaluated 111 samples from nonchagasic patients, including cases of leishmaniasis and other pathologies as well as 401 samples from chagasic patients in the acute chronic phases and with congenital transmission, showing 100% specificity in both groups [19] .
This study aimed to define a standard diagnostic conduct using immunologic and parasitological methods for individuals with inconclusive serological tests for chagasic infection and assisted at the General Outpatient Unit for Infectious and Parasitic Diseases of the Botucatu School of Medicine -Unesp.
Materials and Methods

Area Studied
Eighty-four individuals from the region of Botucatu in the mid-western region of São Paulo state and an old area of Chagas disease transmission were studied.
Population Studied
Group 1
Twenty-one male and female blood donors at the hemocenter of the Botucatu School of Medicine (Unesp), who were older than 18 years and with negative serological results for chagasic infection in ELISA and HAI tests performed on one blood sample, comprising the negative control group. None of them informed epidemiological antecedents for chagasic infection.
Group 2
Thirty-three male and female patients, older than 18 years and with positive result in at least 2 of the serological tests performed, ELISA, HAI and IFI, in the first blood sample collected, comprising the positive control group. All of them reported epidemiological antecedents for chagasic infection (rural zone, housing conditions and vector knowledge).
Group 3
Thirty male and female individuals, older than 18 years and with positive result in only 1 of the 3 serological tests performed, ELISA, HAI and IFI, or whose results did not express the positive or negative standards of such methods in the first blood sample collected, comprising the inconclusive group. These individuals reported favorable epidemiological antecedents to chagasic infection.
The individuals in G2 and G3 were regularly assisted at the General Outpatient Unit for Infectious and Parasitic Diseases of the Botucatu School of Medicine (Unesp).
Conventional Serological Tests
Conventional serological tests, ELISA, HAI and IFI, were performed with up to 5 repetitions on different blood samples in G2 and G3 and only once in G1. Blood collections for G2 and G3 were made in 3 different moments of the individuals outpatient care. The regular commercial kits routinely used at the University Hospital of the Botucatu School of Medicine, Hemobio Chagas (Embrabio), Imuno-HAI Chagas (Wama) and Fluocon IgG/IgM (Wama) were utilized according to the manufacturers' instructions.
Immunoblotting
TESA-cruzi kit bioMériex Brasil AS, which is still not commercially available, was used. TESA-cruzi immunoblotting was performed only once in G1, G2 and G3. Nitrocellulose strips were placed in bands with 1 mL of sample diluent (milk protein in a buffer -10 mM TRIS, pH 7.4, 154 mM sodium chloride and 0.1% L5 Bronidox) and agitated for 1 minute until the strips became moist. Ten µL of the serum samples of each individual were added to each band. The strips were agitated for 2 hours, and the content of each band was later aspirated. One mL of the washing buffer (10 mM TRIS, pH 7.4 and 154 mM sodium chloride) was added, and agitation was maintained for 5 minutes. The content was aspirated, and the previous step was repeated 4 times. Later, 1 mL of the human peroxidasestained anti-IgG conjugate was added (human-peroxidase antiIgG in 10 mM TRIS buffer, pH 7.3, 0.2% phenol and 0.0001% sodium mercurothiolate) to each band, and agitation was maintained for 1 hour. The content was aspirated, and the band was washed as previously described. One mL of chromogen solution (3.36 mM of 4-chloronaphtol in alcoholic solution) was added to each band in 4-chloronaphtol diluent (1:5) (Tris-mM buffer, pH 7.4, 154 mM sodium chloride, 0.03% hydrogen peroxide and 0.1% L5 Bronidox). Agitation was carried out for 10 minutes, and the band content was aspirated. In order to interrupt color development, the bands were washed twice with distilled water. The strips were transferred to filter paper and allowed to dry naturally. The presence of bands in the 120-to-200 kDa molecular mass region on the strips indicated a positive result and the absence of such bands showed a negative result. For very low or doubtful reactions, the result was regarded as inconclusive.
Artificial Xenodiagnosis
This method was utilized only once in G2 and G3 individuals. Forty first-stage non-infected Dipetalogaster maximus nymphs from the Tropical Diseases Research Laboratory of the Botucatu School of Medicine -Unesp were used for each individual. The nymphs were fed through the membrane of a non-lubricated condom containing 9 mL of blood with sodium citrate from each individual, at room temperature for 40 minutes. Thirty days after repast, feces obtained by abdominal compression or the triturate of the digestive tube of each nymph were examined between the slide and cover slip on light microscope (400 to 1000 magnification). Moving flagellated forms of T. cruzi were visualized in positive tests.
Hemoculture in LIT Medium
This method was performed only once in G2 and G3 individuals. Liver-infusion tryptose (LIT) was used as the culture medium for T. cruzi cultivation. For sample cultivation, 10 mL of blood from each individual added with coagulant were distributed in 3 tubes containing 5 mL of LIT medium each. The tubes were maintained at 28-30ºC and homogenized every 2 days. After the first 15 days and then fortnightly, Diagnostic Routine in Chagas Disease following such initial period and up to a maximum of 180 days, 5 µL of the culture medium were placed between the slide and the cover slip for reading on a light microscope (400 to 1,000 magnification). Flagellated forms of T. cruzi were visualized in positive tests.
PCR-LIT
After 180 days of cultivation, the hemocultures in LIT medium were washed in PBS (pH 7.2) twice or 3 times, and the sediment was stored at -80º C until use. DNA extraction from these samples was performed by using the GFX TM Genomic Blood DNA Purification kit (Amersham Biosciences). Primers S35 (5'-AAATAATGTACGGGGGAGATGCATGA-3') and S36 (5'-GGGTTCGATTGGGGTTGGTGT-3') were used for PCR performance as described by Sturn et al. [13] , who amplified the fragment of 330 pairs of bases containing the DNA minicircle regions of the parasite's kinetoplast. Thermocycler amplification conditions were: 1 cycle at 96 º C for 2 minutes; 3 cycles for 1 minute each at 94ºC, 60ºC and 72 º C, respectively; 1 cycle at 72 º C for 10 minutes. Eight-µL samples of 100 bp DNA Ladder were used as molecular weight markers. Products amplified from the T. cruzi "y" strain maintained by the Tropical Diseases Research Laboratory of the Botucatu School of Medicine -Unesp were used as positive control.
Statistical Analysis
The difference in positivity between the laboratory methods combined 2 to 2 was calculated by χ 2 and p using the McNemar method or by direct p calculation through binomial distribution when necessary. The results of serological methods (ELISA, HAI and IFI) and those of their combination were compared with the results provided by immunoblotting by χ 2 and p using the Stwart-Maxwell method for 2 paired samples and the trichotomic event. The number of recommended repetitions for each one of the ELISA, HAI and IFI tests in individuals showing inconclusive results for such tests was verified by the proportion of agreement of each test with immunoblotting. Graphic procedure was used to evaluate the point from which there was no increase in the positivity proportion of serological tests as well as to evaluate the proportion of agreement of each conventional serological test with TESA-cruzi.
Results
Taquarituba, SP, was the municipality which showed the highest concentration of G2 (21.2%) and G3 (30.0%) individuals (Figure 1) . Twenty (66.6%) out of 30 G2 and 22 (73%) out of 30 G3 individuals were males. Also, no difference was found in the mean age for males and females (51 years old) in these 2 groups.
The (Figure 2) .
In G3, ELISA was also the most effective method; however, positivity was, at the most, 86.6% and only in the 5 th blood sample analyzed. HAI showed much lower positivity, 41.3% in the 2 nd sample, and IFI exhibited the lowest percentages of positive results among the conventional tests used, with 12.5% in the 3 rd sample as the best result. Positivity of ELISA and HAI tests, analyzed together, oscillated between 17.0% and 38.0% in the 5 blood samples. When the 3 serological tests were conjointly analyzed, the results were inconclusive in the first sample: either only one was positive or the values obtained did not express the positive or negative standards of each of the methods. In the second sample, 44.8% positivity was obtained with this set while only 36.6% was found in the fifth sample (Figure 3) .
The comparison of results from the ELISA test with those of TESA-cruzi when both were performed in one single sample showed that, although TESA-cruzi (22/29) numerically presented greater positivity than ELISA (19/29), such difference was not significant, indicating a positive agreement between the methods (p > 0.10) in G3 individuals. This was not observed when comparing TESA-cruzi with HAI and IFI. TESA-cruzi showed a positive result in 22 and HAI in 3 of the 29 G3 individuals undergoing both methods, thus showing that there was no positive agreement (p< 0.001) between them. The same was observed for IFI, which was positive in 2, and TESA-cruzi which was also positive in 12 of the 17 G3 individuals undergoing both methods.
The TESA-cruzi results were also compared with those of ELISA, HAI and IFI tests when conjointly analyzed in the first blood sample from G1, G2 and G3. In such comparison, agreement was found between G1 and G2. Nevertheless, in G3, TESA-cruzi proved to be better (p < 0.001) than the other conjointly evaluated methods in order to express positivity (Table 1 ). Figure 3 shows the TESA-cruzi results in G1 and G2 individuals.
Parasitological tests used in G2 and G3 showed poor positivity. Hemocultures showed 15.2% positivity (5/33) in G2, with no positive results in G3; artificial xenodiagnosis was positive in 9.4% (3/32) of G2 individuals and in 3.4% (1/29) of those in G3; PCR-LIT positivity was 24.1% (7/32) in G2 and 6.7% (2/30) in G3. In general, there was no equivalence of parasitological methods within the same group: the 5 positive results in G2 by hemoculture did not correspond to the 3 positive results seen in xenodiagnosis. But in PCR-LIT, 2 of the 7 positive G2 individuals were positive by hemoculture.
The comparison of parasitological methods with TESAcruzi in G1 and G2 showed a better performance by Table 1 . Comparison between ELISA + HAI + IFI and TESA-cruzi positivity in individuals with positive (G2), negative (G1) and inconclusive (G3) serology for chagasic infection Table 2 . Comparison between TESA-cruzi and artificial xenodiagnosis, hemoculture in LIT medium and PCR-LIT tests in individuals with positive (G2) and inconclusive (G3) serology for chagasic infection Table 2 ). The PCR-LIT results of G2 individuals are shown in Figure 5 .
Discussion
The need to clarify the real condition of individuals with inconclusive serology for chagasic infection in this study becomes evident from the information concerning the places of origin of the individuals under study, once it was observed that not only were most of the chagasic individuals (G2) originally from Taquarituba, but so were those with inconclusive serology (G3). This municipality from the mid- western region of São Paulo state was already reported as an important disseminator of the parasitosis in 1952, a decade when a large part of the sample in this study was probably infected [20] . Data from a sero-epidemiological enquiry conducted at that time showed that 66.7% of the individuals dwelling in houses with triatomines presented positive serology for chagasic infection, representing the highest percentage recorded in the state [20] . In 1974, even after years following the adoption of measures to eradicate the vector, triatomine domiciliation still persisted in Taquarituba, and 6.6% of the specimens then captured were contaminated by T. cruzi [21] . The high concentration of males in this sample is explained by the fact that positive and inconclusive individuals were found as such during blood donation screening. This is also observed in other Brazilian and South American studies with samples portraying similar characteristics [5, 18] . In Brazil, studies show that 62% to 97% of donors are males [22] [23] [24] [25] [26] [27] [28] . Also, the mean age of G2 and G3 individuals was similar to that of blood donation candidates found to be serologically positive for chagasic infection [29] . Studies on individuals already manifesting signs and symptoms of the disease, which did not occur in this investigation, show a higher age mean [30] .
The ELISA method was distinguished among the serological methods used in the diagnostic routine of chagasic infection. Because it presents high sensitivity and specificity, it is also indicated as the only serological method for seroepidemiological enquiries that can determine the prevalence of the infection [5, [31] [32] [33] . However, in clinical settings, the result of only 1 serological test is insufficient to diagnose the condition of the chronic T. cruzi carrier [5] [6] [7] [8] . HAI shows great sensitivity variations with better specificity [5, [33] [34] [35] . In this study, that method exhibited low sensitivity, particularly for the inconclusive group (G3). Nevertheless, due to its good specificity, HAI can be used with other serological tests for diagnosing chagasic infection. Gadelha et al. [36] compared the ELISA and HAI methods in a group of individuals from an endemic region who were suspected to carry the disease and showed 92% positivity for ELISA, without any inconclusive results. HAI, on the other hand, presented a positive result in 59% of the samples and an inconclusive one in 33%. Nevertheless, the conjoint analysis of the 2 methods showed 52.6% positivity and 45.5% inconclusive results [36] . Therefore, when the diagnosis is based on 2 serological methods, inconclusive results tend to increase, but such practice presents false positives and cross reactions [37, 38] . When isolatedly used in this study, IFI, a method with very variable good sensitivity and specificity, showed the lowest positivity percentages in G2 and particularly in G3 [5, 31, 33, 34, 35] . However, its use, conjointly with ELISA and HAI, increases the occurrence of positive results when the methods are together analyzed. The use of 3 serological methods, although not solving all inconclusive cases, is recommended in the lack of a definitive test, since it allows for greater safety in the final diagnosis of chagasic infection.
The disagreement observed in the results of conventional serological tests responsible for inconclusive diagnoses may be related to the parasite capacity of evading the host defense mechanisms. When T. cruzi infects men, the production of IgM antibodies is induced; such antibodies then bind to the parasite surface, thus interfering with the binding of IgG inhibition antibodies and consequently preventing T. cruzi elimination [39, 40] . Another strategy used by T. cruzi is antigen variation in face of an immune response aiming at host protection. Such modifications are also related to morphological variations in the parasite biological cycle, which involves various antigens in their different phases [41] . Additionally, the T. cruzi's genome is highly complex and repetitive, which facilitates genetic recombination and enhancement of devices that allow the parasite to escape the attacks from the host immune system [42] . At the same time, T.cruzi produces plenty of surface protein variants that enable parasite to avoid antibodies [41] . These are mechanisms that can alter the recognition of such proteins by antibodies, leading to variations in the responses to serological tests of the same individual at different moments. Genetic diversity of T. cruzi lineages infecting different individuals may be responsible for the differences in the titles of antibodies found as well as for clinical manifestations in the chronic phase of Chagas disease [41, 43, 44] .
In face of the need for good-sensitivity serological tests which are capable of solving the problem of inconclusive results, various authors have developed the immunoblotting technique using different T. cruzi antigens. Matsumoto et al. [17] , for instance, applied such test in individuals from an endemic region. Results were found to be negative among the blood donors; however, 82.2% of those with positive ELISA and IFI showed themselves reagents to immunoblotting. In the same study on individuals with active visceral leishmaniasis and cross reaction with chagasic infection, 20% positivity was found by ELISA and IFI. Umezawa et al. [45] detected specific antibodies in 100% of acute and chronic chagasic patients with positive ELISA and IFI from endemic and non endemic areas. Those authors also studied blood donors from an endemic area, individuals with mucocutaneous and visceral leishmaniasis from non endemic areas, patients infected by T. rangeli or with other pathologies, whether infectious or not, and all of them presented negative results for immunoblotting. When applying the test that they developed in blood donation candidates with inconclusive serology, Silveira-Lacerda et al. [18] found only 2.87% positivity.
By using the same immunoblotting utilized in this study, namely TESA-cruzi, Amato Neto et al. [16] found agreeing results with those obtained by conjointly analyzed ELISA, HAI and IFI in the case of negative and positive individuals for chagasic infection as occurred with G1 and G2. However, the 20% positivity found by the authors for inconclusive patients when using TESA-cruzi differed from that of G3 individuals, which was 76.6% (23/30). Amato et al. [16] also found 6.6% positivity in the TESA-cruzi test of patients with visceral leishmaniasis. The application of DiaMed-IT LEISH (IVD), a method which detects anti-leishmania antibodies, in G3 individuals, showed no positivity.
Regarding the parasitological methods, the results obtained in this study confirmed the mild parasitemia in individuals in the chronic phase of chagasic infection. Although hemoculture always indicates the low sensitivity of such methods, a great deal of disagreement is found in its results when different studies are analyzed, which may be related to the nature of the culture medium, the technique employed, the volume of blood used or the number of test repetitions in each patient [46] [47] [48] [49] . Concerning xenodiagnosis, the experiences of different authors also disagree, and that may be related to the different vector species used, the method of nymphs visualization and the amount of blood utilized [7, 50] .
PCR also shows limited sensitivity in individuals with very low or intermittent parasitemia. By using PCR to assess satellite DNA from T. Cruzi nuclei in an experimental model, Dias et al. [51] observed that, in spite of positive results in mice organs and tissues, results were negative when total blood was used. Similarly, no positive results were found for PCR assessment of the blood in G2 and G3 individuals. In a study conducted by our group on dogs belonging to T. cruziinfected individuals, Lucheis et al. [52] found 50% positive PCR in hemoculture material in LIT medium. In general, PCR-LIT was the parasitological method that presented the greatest positivity among G2 and G3 individuals. Additionally, it resolved 1 of the 3 G3 cases which remained inconclusive by the serological methods used, including TESA-cruzi.
In the final analysis of the findings in this study, TESAcruzi was distinguished as the test showing the best possibility to resolve the inconclusive serology for chagasic infection. If it is not available, 2 repetitions of the ELISA, HAI and IFI combination should be performed in different blood samples. In this study, PCR-LIT was the parasitological method that resolved 1 of the 3 cases left inconclusive by the serological methods used.
